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(g) Fluid filter assembly. 

<£t\ A filter assembly (10) includes a hollow housing (12) having a length ana" first and second en^(14 f 16). 

,™ The membrane (22) is air permeable when dry and air impermeable when wet whereby a 

ST^SSS^) hereby de-airing the first and second chambers (24.26) from one end to the 
other end along the length of the membrane (22) on both sides thereof. 
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TECHNICAL FIELD 

This invention relates to a fluid filter device, with 
particular utility for filtering liquids administered in- 
travenously and requiring removal of particulates and 
air from the fluids. 

BACKGROUND ART 

It is common practice to filter various kinds of liq- 
uids when the liquids are administered by an intrave- 
nous unit to a patient. Generally, the liquid is passed 
through a filter housing containing a flat microporous 
hydrophilic membrane sealed to the walls of the filter 
housing and supported by a grid or the like. 

It is also well known that when a hydrophilic mem- 
brane is wet (that is, when the pores are filled with the 
liquid being filtered), air or other gas cannot pass 
through the membrane except under increased pres- 
sure. Hence, if there is air or other gas in the liquid 
being filtered, it accumulates on the inlet surface of 
a membrane and blocks or interferes with the pas- 
sage of liquid through the membrane. It is also nec- 
essary to prevent the air from flowing in the liquid to 
the patient. Therefore, it is necessary to remove the 
air, as well as other particulates, from the liquid while 
also removing the air from the filter housing. 

With specif ic regard to initiating the intravenous 
fluid flow, most systems require various manipula- 
tions to simultaneously prime the filter housing with 
the liquid while removing air that is trapped within the 
filter housing on the inlet side and outlet side of the 
membrane. 

Additionally, it is quite useful to determine wheth- 
er or not air remains trapped in a filter housing during 
liquid flow through the housing. 

The United States patents 4,111,807 to Boomus 
et al., issued September 5, 1978; 4,319,996 to Vin- 
cent et al., issued March 16, 1982; and 4,369,112 to 
Vincent et al., issued January 18, 1983, all relate to 
various filter assemblies for use in intravenous ad- 
ministration settings. Each of these assemblies do 
not include any means for allowing simple priming of 
the assembly to remove air therefrom, nor do they 
provide any means for simply and readily indicating 
air remaining in the system once liquid is flowing 
therethrough. 

SUMMARY OF THE INVENTION AND 
ADVANTAGES 

In accordance with the present invention, there is 
provided a filter assembly including a hollow housing 
having a length and first and second ends. Membrane 
means extends along the length of the housing and 
separates the housing into first and second cham- 
bers. Inlet means proximate to the first end and in flu- 
id communication with the first chamber allows a flow 



of fluid into the first chamber. Outlet means proxi- 
mate to the second end and in fluid communication 
with the second chamber allows flow of the fluid from 
the second chamber, the membrane means being air 

5 permeable when dry and air impermeable when wet. 
Thusly, a wetting fluid entering the first chamber at 
the first end of the housing forces air from the first 
and second chambers along the length of the mem- 
brane means and out of the outlet means as fluid 

10 wets the membrane means along the length thereof 
thereby de-airing the first and second chambers from 
one end to the other end along the length of said 
membrane means on both sides thereof. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Other advantages of the present invention will be 
appreciated as the same becomes better understood 
by reference to the following detailed description 
20 when considered in connection with the accompany- 
ing drawings wherein: 

Figure 1 is a perspective view of a housing with 

a filter assembly made in accordance with the 

present invention; and 
25 Figure 2 is a cross-sectional view taken along 

lines 2-2 of Figure 1. 

DETAILED DESCRIPTION OF THE INVENTION 

30 A filter assembly made in accordance with the 

present invention is generally shown at 10 in the fig- 
ures. The filter assembly includes a housing generally 
shown at 12, the housing having a length extending 
from a first end 14 to a second end 16. The housing 

35 12 is preferably made from two housing halves 1 8,20, 
the two housing halves 18,20 defining two walls 
18,20 of the housing. 

The housing halves 18,20 can be connected to- 
gether by means well known in the art such as by glu- 

40 ing, sonic welding, or any other fusion-type bonding, 
but not limited to these methods. 

A hydrophilic membrane 22, as shown in Figure 
2, is contained within and extends along the length of 
the housing 12 and separates the housing 12 intof irst 

45 and second chambers 24,26. The membrane 22 is 
seated on a grid support 28 of a type well-known in 
the art. For example, the grid support 28 can be pro- 
jections or the like extending from an inner surface 
30, the projections or the like allowing fluid flow 

so through the second chamber 26. The membrane 22 
is mounted on the inner surface 30 of the firstwall 18 
about its periphery by means well know in the art. For 
example, the periphery of the membrane 22 can be 
either heat sealed, glued, or the like to a mounting 

55 surface about the periphery of the membrane 22. 
Such means of connecting membranes to filter hous- 
ing walls are well known in the art. 

The filter assembly 10 includes an inlet generally 
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indicated at 32 proximate to the first end 14 of the 
housing 12, the inlet 32 being in fluid communication 
with the first chamber 24 for allowing the flow of fluid 
into the first chamber 24. An outlet is generally shown 
at 34 as being proximate to the second end 16 of the 5 
housing 12 and in fluid communication with the sec- 
ond chamber 26 for allowing a flow of fluid from the 
second chamber 26 out of the housing 12. 

The membrane 22 is a hydrophilic microporous 
membrane and, as such, is air permeable when dry 10 
and air impermeable when wet. A wetting fluid enter- 
ing the first chamber 24 at the first end 14 of the 
housing forces air from the first and second cham- 
bers 24,26 along the length of the membrane 22 and 
out the outlet 34 as the fluid wets the membrane 22 15 
thereby de-airing the first and second chambers 
24,26 from one end to the other end along the length 
of the membrane 22 on both sides thereof. That is, 
upon initially using the filter assembly 10, there is a 
requirement that the air be removed from the entirety 20 
of the first and second chambers 24,26 as well as 
from the inlet and outlets 32,34. This is accomplished 
as the filter assembly 10 is primed with the liquid to 
be administered intravenously to a patient. 

The disposition of the inlet 32 and outlet 34 at 25 
each end of the first chamber 24 and second chamber 
26, respectively, in combination with the membrane 
22 being air permeable when dry creates a fluid cir- 
cuit whereby as the liquid to be administered enters 
the inlet 32 and flows to one side of the membrane 22 30 
in the first chamber 24, the liquid forces air towards 
the second end 16 of the housing 12 and also towards 
the outlet 34. Simultaneously, the air is forced 
through the remaining dry portions of the membrane 
22 ahead, or upstream, of the head of the fluid flow. 35 
Simultaneously, the fluid wets and permeates the 
membrane 22 to likewise force air from the first end 
14 of the housing 12 on the other side of the mem- 
brane 22 in the second chamber 26 towards the sec- 
ond end 16 of the housing 12. As this is done, the 40 
head of the liquid flow through the second chamber 
26 also forces air out through the outlet 34. Thusly, 
simultaneously, air is being forced towards the outlet 
34 in both the first chamber 24 and the second cham- 
ber 26 as the system is primed with the liquid to be 45 
administered. Thusly, the filter assembly 10 is de-ai- 
red from one end to the other along the length of the 
membrane 22 on both sides thereof in a totally pas- 
sive manner requiring no other manipulations of the 
assembly, no matter what the orientation of the as- so 
sembly is, relative to the patient. 

More specifically, the membrane 22 is a flat- 
sheet, hydrophilic, microporous membrane. The 
membrane can have pore sizes between 0.1 and 5.0 
microns. Examples of such membranes are polysul- 55 
fone, acrylic copolymers, cellulosic, polyethersul- 
fone, and hydrophilic polyolefin. 

The inlet 32 and the outlet 34 extend through a 
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first wall 18 defined by the first housing half. As de- 
scribed above, the membrane 22 extends between 
the first and second walls 1 8,20 defining the first and 
second chambers 24,26. The membrane 22 is oper- 
atively connected to the first wall 18 as described 
above and extends along the length thereof and over 
the outlet opening 36, as shown in Figure 2. The 
membrane 22 extends to a point adjacent to the inlet 
opening 38 and is sealed therefrom whereby the inlet 
opens through the first wall 18 and is in direct fluid 
communication with the first chamber 24 which ex- 
tends between the membrane 22 and the second wall 
20. Likewise, the outlet opening 36 opens through 
the first wall 1 8 and is in fluid communication with the 
second chamber 26. In this manner, the assembly 10 
is oriented such that it has a totally flat surface 38 on 
one side thereof which facilitates mounting on a pa- 
tient's limb or the like. 

The first chamber 24 extends along the length of 
the housing 12 to the ends 14,16 thereof beyond the 
inlet and outlet 32,34. The assembly 10 includes air 
vent means generally indicated at 40 and 42, extend- 
ing through the housing 12 between the ends 14.16 
of the housing 12 and each of the respective inlet and 
outlet 32,34 for venting air from the fluid flowing from 
the inlet 32 before and after the membrane 22 is wet- 
ted and becomes air impermeable. That is, once the 
membrane 22 is wetted, air flowing in with the wetting 
liquid cannot pass through the wetted membrane 22. 
Since the flow of the wetting fluid from the inlet into 
the chamber 24 not only flows into the chamber but 
flows along the length of the membrane, air trapped 
within the first chamber 22 is necessarily forced to- 
wards the first and second ends 1 4, 16 of the housing. 
The air vent means 40,42 allows for venting of the air 
being forced to the ends of the first chamber 24 by the 
flow of the wetting liquid through the first chamber 
24. Thusly, the assembly 10 passively and automat- 
ically de-airs itself during wetting liquid flow there- 
through. 

More specifically, the air vent means 40,42 each 
include a port 44,46, respectively, extending through 
the first wall 18 adjacent each end 14,16 thereof. A 
hydrophobic membrane 48,50 is mounted over each 
of the ports 44,46, respectively. More specifically, 
the membrane is a flat sheet, hydrophobic, micropor- 
ous membrane. The membrane can have pore sizes 
between 0.01 and 0.03 micron. Examples of such 
membranes are PTFE and polyolefin. The mem- 
branes are mounted by connection of their peripher- 
ies to the inner surface 30 of the first wall 18 by meth- 
ods known in the art, described above, such as heat 
welding or the like. 

The inlet 32 and outlet 34 each include an L- 
shaped passageway including a respective first por- 
tion 52,54 extending through the first wall 18 and a 
respective second portion 56,58 extending along the 
length of the housing 12. The second portion 56 of 
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the inlet 32 opens toward the opening of the second 
portion 58 of the outlet 34, with each of the second 
portions 56,58 defining a line 60,62, as shown in Fig- 
ure 1, extending along the length thereof. Each line 
60,62 is spaced from and parallel to the other. 

The assembly 10 includes retaining means adja- 
cent to each of the first portions 52,54 of the passa- 
geways extending through each of the inlet and outlet 
32,34. The retaining means extend over the lines 
60,62 defined by the opposite second passageways 
56,58 of the inlet and outlet 32,34 for retaining a tube 
64 mounted on and extending from the inlet 32 by the 
retaining means adjacent the outlet 34 and retaining 
a tube 66 mounted on and extending from the outlet 
34 adjacent to the inlet 32. More specifically, each re- 
taining means includes a substantially C-shaped por- 
tion 68,70 extending from the first wall 1 8 adjacent to 
the first portions 52,54 of the passageways of the in- 
lets and outlets 32,34. As shown in Figure 1, these C- 
shaped portions have an inner surface 72,74 defining 
a channel, the channels of each of the C-shaped por- 
tions 72,74 being parallel relative to each other. Thus- 
ly, the orientation of the inlet and outlet 32,34 in com- 
bination with the C-shaped portions 72,74 allow for 
tubes extending from the inlet and outlet 32,34 to be 
parallel and clamped such that if the device is taped 
to a limb, the tape can extend over the tubings and 
simultaneously secure the device to the patient's 
li mb while securing the tubings relative to the assem- 
bly 10. 

As discussed above, it is desirable to be able to 
determine whether air is inadvertently trapped within 
the housing of a filter device. The housing 12 of the 
present invention includes air indicative means for in- 
dicating when air is contained within the housing 12 
as a wetting fluid is flowing therethrough. More spe- 
cifically, the walls 18,20 are substantially transparent 
and have a frosted inner surface 30,31 . A wetting flu- 
id will cause the walls 18,20 to appear transparent as 
the wetting fluid adjacent the frosted walls will clearly 
transmit light therethrough. When air is adjacent the 
frosted surfaces 30,31, the air adjacent the walls 
18,20 will cause the walls 18,20 to appear translu- 
cent, thereby indicating air to be existent in the hous- 
ing 12. Thusly, the present invention provides means 
for indicating air within any type of filter device having 
walls made in accordance with the present invention, 
that is, the walls being substantially transparent and 
having a frosted inner surface. 

In use, an inlet tube 64 is first connected to the 
mounting portion 76 of the inlet 32. The tube 64 is se- 
cured within the C-shaped portion 70 adjacent the 
outlet 34. Fluid enters from the tube 64 into the inlet 
32. The fluid will force air out through the air vent 40 
and also through the first chamber 24. Air will exit 
through the air vent 42, as well as through the mem- 
brane 22 ahead of the fluid stream until the mem- 
brane is wetted thereby. Simultaneously, as the fluid 



wets the membrane 22 and passes therethrough, the 
fluid will force air from the second chamber 28 and out 
through the outlet 34 by the continuous flow of fluid until 
the tube 66 is de-aired and then can be connected to 

5 either a catheter or other mounting as desired. 

The invention has been described in an illustra- 
tive manner, and it is to be understood the terminol- 
ogy used is intended to be in the nature of description 
rather than of limitation. 

10 Obviously modifications and variations of the 

present invention are possible in light of the above 
teachings. Therefore, it is to be understood that within 
the scope of the appended claims, wherein reference 
numerals are merely for convenience and are not to 

15 be in any way limiting, the invention may be practiced 
otherwise than as specifically described. 



Claims 

20 

1. A filter assembly (10) comprising: 

a hollow housing (12) having a length and 
f irst and second ends (14,16); 

membrane means (22) contained within 

25 and extending along said length of said housing 

(12) and separating said housing (12) into first 
and second chambers (24,26); 

inlet means (32) proximate to said first end 
(14) and in fluid communication with said first 

30 chamber (24) for allowing a flow of fluid into said 

first chamber (24); and 

outlet means (34) proximate to said sec- 
ond end (16) and in fluid communication with said 
second chamber (26) for allowing a flow of fluid 

35 from said second chamber, (26) said membrane 

means (22) being air permeable when dry and air 
impermeable when wet, whereby a wetting fluid 
entering said first chamber (24) at said first end 
of said housing (12) forces air from said first and 

40 second chambers (24,26) along said length of 

said membrane means (22) and out said outlet 
means (34) as the fluid wets said membrane 
means (22) thereby de-airing said first and sec- 
ond chambers (24,26) from one end to the other 

45 end along the length of said membrane means 

(22) on both sides thereof. 

2. A filter assembly of claim 1 wherein said mem- 
brane means is a flat-sheet, hydrophilic, micro- 

50 porous membrane. 

3. A filter assembly of claim 2 wherein said housing 
includes a first wall (18) and an opposite second 
wall, said inlet and outlet means (32,34) extend- 

55 ing through said first wall (18), said membrane 

means (22) extending between said first and sec- 
ond walls (18,20), defining said first and second 
chambers (24,26), said membrane means (22) 
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being operatively connected to said first wall (18) 
and extending along a length thereof and over said 
outlet means (34) and adjacent to said inlet means 
(32) and being sealed from said inlet means (32) 
whereby said inlet means (32) extends through said 5 
first wall and is in direct fluid communication with 
said first chamber (24) which extends between said 
membrane means (22) and said second wall (20) 
and said outlet means (34) extends through said 
first wall (18) and is in fluid communication with said 10 
second chamber (26). 

4. A filter assembly of claim 3 wherein said first 
chamber (26) extends along said length of said 
housing (12) to said first and second ends (14,16) 1 5 
thereof beyond said inlet and outlet means 
(32,34), said assembly including air vent means 
(40,42) extending through said housing (12) be- 
tween said first and second ends (14,16) of said 
housing (12) and each of said respective inlet and 20 
outlet means (32,34) for venting air from the fluid 
flowing from said inlet (32) before and after said 
membrane means (22) is wetted and becomes air 
impermeable. 

25 

5. A filter assembly of claim 4 wherein said air vent 
means includes a port (44,46) extending through 
said first wall (18) adjacent each of said first and 
second ends (14,16) thereof and a hydrophobic 
membrane (48,50) mounted over each of said 30 
ports (44,46). 

6. Afilter assembly of claim 3 wherein said inlet and 
outlet means (32,34) each include an L-shaped 
passageway including a first portion (52,54) ex- 35 
tending through said first wall (18) and a second 
portion (56,58) extending along said length of said 
housing (12); said second portion (56) of said inlet 
means (32) opening towards said opening of said 
second portion (58) of said outlet means (34), each 40 
of said second portions (56,58) defining a line 
(60,62) extending along the length thereof and 
each of said lines (60,62) being spaced from and 
parallel to the other of said lines (60,62). 

45 

7. A filter assembly of claim 6 including tube retain- 
ing means adjacent to each of said first portions 
(52,54) of said passageways and extend over 
said line (60,62) defined by the opposite second 
passageway (56,58) of said inlet and outlet so 
means (32,34) for retaining a tube (64) mounted 

on and extending from said inlet means (22) by 
said retaining means adjacent said outlet means 
(34) and retaining a tube (66) mounted on and ex- 
tending from said outlet means (34) adjacent to 55 
said inlet means (32). 

8. Afilter assembly of claim 7 wherein said retaining 
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means includes a substantially C-shaped portion 
(68,70) extending from said first wall (18) adja- 
cent to said first portion of said passageways of 
said inlet and outlet means (32,34). 

9. A filter assembly of claim 1 wherein said housing 
(12) includes air indicator means for indicating 
where air is contained within said housing (12) as 
a wetting fluid is flowing therethrough. 

10. Afilter assembly of claim 9 wherein said first and 
second walls (18,20) are substantially transpar- 
ent and have frosted inner surfaces whereby a 
wetting fluid causes said first and second walls 
(18,20) to appear transparent and air adjacent 
said first and second walls (18,20) cause said 
first and second walls (18,20) to appear translu- 
cent thereby indicating air in said housing (12). 

11. A filter assembly comprising: 

a housing (12) including two opposing 
walls(18,20), each of said walls (18,20) having in- 
ner surfaces; 

a fluid inlet (32) and outlet (34) extending 
through each of said walls (18.20) being spaced 
from each other and having openings facing each 
other and 

retaining means adjacent each of said inlet 
(18) and outlet (20) for retaining a tube (64) 
mounted on and extending from said inlet (18) by 
said retaining means adjacent said outlet (20) 
and retaining a tube (66) mounted on and extend- 
ing from said outlet (20) by said retaining means 
adjacent said inlet (18). 

12. Afilter assembly of claim 11 wherein said retain- 
ing means includes a substantially C-shaped 
portion (68, 70) extending from said first wall (1 0) 
and adjacent each of said inlet and outlet (32,34), 
each of said C-shaped portions (68,72) having an 
inner surface defining a channel, said channels 
of each of said C-shaped portions (72,74) being 
parallel relative to each other. 

13. A filter assembly comprising: 

a housing including an inlet and an outlet 
and a membrane extending therebetween; and 
air indicator means for indicating when air is con- 
tained within said housing as a wetting fluid is 
flowing therethrough. 

14. A filter assembly of claim 13 wherein said hous- 
ing is substantially transparent and has a frosted 
inner surface whereby a wetting fluid causes 
said housing to appear transparent and air in con- 
tact with said frosted inner surface causes said 
surface to appear translucent thereby indicating 
the presence of air in said housing. 
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